Main parameters of the FEL-RHIC collider are estimated. The physics search potential of this machine is illustrated using excitations of the 232 Th nucleus as an example. It is shown that, due to the tunability and monochromacity of FEL beam and high statistics, proposed collider will play an important role in the field of "traditional" nuclear physics.
In this letter we are arguing that collisions of the Free Electron Laser (FEL) photons with ultra-relativistic nuclei from RHIC will give a unique possibility to investigate nucleus excitations. In estimations below we assume that photon beam is produced by SASE FEL based on 10 GeV TESLA-like linac, taking in mind successful results achieved at the TESLA Test Facility (TTF) Free-Electron Laser at the DESY [3] .
A general schematic view of FEL-RHIC collider is given in Fig 1. The photon beam produced by undulator magnet placed at the end of 10 GeV e-linac collides with the nucleus beam from RHIC. Relativistic ions will "see" FEL beam as a "laser" photons with energy ω = 2γ A ω 0 , where γ A is the Lorentz factor of ions and ω 0 is the energy of the FEL photons.
The FEL-RHIC is a good candidate to become a pioneer of FEL-nucleus colliders, to be followed by FEL-HERA and FEL-LHC [4] . The tunability of ω 0 by changing the electron beam energy will give opportunity for resonant production of nucleus excitations. The excited nucleus will turn to the ground state at a distance ℓ = γ A · τ · c from collision point, where τ is the lifetime of the excited state in the nucleus rest frame and c is the speed of light. Emitted photons will be seen in detector as high energy photons with energies up to 2γ A E γ , where E γ is the energy of emitted photons in the rest frame of the nucleus.
The wavelength of the first harmonic of SASE FEL radiation is given by
where λ u is the period length of an undulator, γ e = E e /m e is the Lorentz factor of the electron, k = eB u λ u /2πm e is the undulator parameter, e = √ 4πα (α being the fine structure constant) and B u is the peak value of the magnetic field in the undulator. At the TTF FEL with E e = 235 MeV the observed SASE FEL photons has the wavelength 109 nm, which corresponds ω 0 = 11 eV. According to Eq. (1), 10 GeV linac based FEL will produce photons with the wavelength 0.06 nm, which corresponds to ω 0 = 20 keV. On the other hand, the wavelength ot the FEL photons is constrained by λ > 4πε t , where ε t = ε N /γ and ε N is normalized emittance of the electron beam. For e-linac based FEL's, ε N value is usually around 10 −6 m.rad, hence λ > 0.6nm for E e = 10GeV . In order to achieve shorter wavelenghts one should either use "cooled" electron beam with smaller emittance or deal with higher FEL harmonics. The last case leads to decrease of the luminosity. For example, the brighteness of the third harmonic (which has 3 times shorter wavelength) is approximately 1% of the first harmonic one [5] .Combining both methods, the FEL photon energy of 20 keV and even more can be achieved at FEL-RHIC Collider.
Parameters of 232 T h beam are presented in Table 1 , where we use the parameters of gold nucleus for linac-ring option of e-RHIC as reference point [1] . Parameters of SASE FEL beam produced by a 10 GeV TESLA-like linac [6] are given in Table 2 . Luminosity of the FEL-nucleus collisions is given by
where n γ and n A are the number of photons and nuclei in the FEL and nucleus bunches, respectively, n b is the number of electron bunches per train, f rep is TESLA repetition rate, Tables I and II we obtain L = 2 · 10 30 cm −2 s −1 with n γ = 10 13 .
Today, more than hundred excitations of the 232 Th nucleus are founded in different experiments [7] and only seven of them are observed in (γ ,γ ′ ) reactions. The reasons are following [8] : low statistics, limited energy resolution, neutron induced background from electron setup material collisions etc. In Table 3 we present main characteristics of 232 Th excitations with low spin (J ≤ 2).
The cross section for the resonant photon scattering is given by the well-known BreitWigner formula
where E is the c.m. energy of the incoming photon (in our case it is very close to that in the rest frame of the nucleus), J exc and J 0 are spins of the excited and ground states of the nucleus, B in and B out are the branching fractions of the excited nucleus into the entrance and exit channels, respectively, E R is the energy at the resonance and Γ is the total width of the excited nucleus. Corresponding resonant cross sections are given in Table 3 .
The energy of FEL photons needed for excitation of corresponding 232 Th level can be expressed as:
where E exc is the energy of corresponding excited level, γ T h is the Lorentz factor of the 232 Th nucleus. Corresponding values for needed FEL photon energies are given in Table 4 . Taking into account the energy spread of the FEL and the nucleus beam (∆E γ /E γ = ∆ω/ω 0 = 10
and ∆E A /E A = 10 −4 ), the approximate value of averaged cross section has been found to
where ∆E γ ≈ 10 −4 E exc . Corresponding values for averaged cross sections are presented in the third column of Table 4 . Multiplying these values with the luminosity of FEL-RHIC colliders (5.4 · 10 30 cm −2 s −1 ), we obtain number of events per second which are given in the last column of Table 4 . As seen typical numbers of events are of the order of millions per second, whereas "traditional" experiments deals with hundreds events.
FEL-RHIC colliders will give opportunity to "measure" unknown decay width using known ones. Indeed, decay width can be estimated using following relation
where index 1 (2) corresponds to level with unknown (known) decay width. Let us use the 49.368 keV level as known one and 100 events per second as observation limit. In this case we will be able to "measure" decay width of the 714.25 (1078.7) keV level at FEL -Th RHIC collider, if it exceeds 2.5 ·10 −7 (2.6·10 −6 ) eV.
We had mentioned that the excited nucleus will turn to the ground state at a distance In fixed target experiments the spin of excited nucleus can be determined using angular distribution of the emitted photons. In our case, this angular distribution will be transferred to the energy distribution in laboratory frame. For spin 1 and 2 cases, angular distributions in the rest frame are given by [8] W (θ) = 3 4 (1 + cos 2 θ) (7)
respectively. In laboratory system, these distributions will be seen by detector as energy distributions (for γ >> 1)
where x = E γ /γω. Here, x varies from 0 to 2 (x = 0 corresponds to θ = 180 0 and x = 2 corresponds to θ = 0 0 ). Fig. 2 shows the x dependence of normalized energy distributions.
Taking into account the high statistics, provided by proposed experiment, it is obvious that different spin values can be easily identified.
In the nucleus rest frame, parity π of spin 1 dipole excitations in a nucleus with 0 + ground state can be determined [9] using linearly polarized FEL beam by measuring
In our case, θ = 90 0 corresponds to photons with E γ = γω, which are emitted at η max = 1/γ, where η is the angle between emitted photon and initial nucleus beam direction. Azimuthal angle ϕ with respect to the (horizontal) polarization plane of the γ beam is unchanged when transferred to the laboratory frame. If the detector is placed at a distance 100 m from the interaction point, the spot size of emitted photons will have a radius about 1 m. Therefore, the measurement of parity can be made easily.
Finally, let us compare proposed experiment with existing ones. As mentioned in Ref. Up to now there are no such ideal sources available fulfilling all these requirements in every respect. Therefore, diverse photon sources have been applied in low energy photon scattering depending on the special experimental requirements and aims intended in the investigations ..."
FEL-RHIC collider fulfills all these requirements! This statement is illustrated by Table   5 , where characteristics of the different photon sources are presented. Moreover, since the accelerated nuclei are fully ionized, the background which is induced by low-shell electrons in the case of investigation of excitations of heavy nuclei using traditional methods will be eliminated.
In conclusion, we hope that the huge number of events provided by FEL-RHIC collider and pure experimental environment will give opportunity to investigate the most of known excitations of 232 Th nucleus (∼100 levels), which are observed by different experiments, in (γ, γ ′ ) reactions, too, as well as to observe a lot of additional levels. Similar analysis can be easily performed for other nuclei. In general FEL-RHIC collider will essentially enlarge the role of (γ, γ ′ )reactions in nuclear physics research.
We 
